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(54) SCHEDULING METHOD IN QUEUING SYSTEM AND CHUTING BLANKS SWITCH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high stability with a simple operation by discriminating one port having a 
maximum cell arrival rate and adding a dununy cell to ports except the maximum rate cell arrival port in order to permii 
the arrival rates with respect to the whole ports to be nearly equal. 
SOLUTION: A chuting blanks switch is provided with four input ports 6-1 1 to 6-14 and four output ports 6-21 to 6-24, for 
example. The cell arrives at the input ports 6-1 1 to 6-14 by different rate. A rate discriminator 6.3 discriminates the input/output 
ports 6-11 to 6-14 and 6-21 to 6-24 of the maximum arrival rate. A filling settler 6.4 settles a dununy flow corresponding to a 
proper queue to permit the arrival rates with respect to the whole ports 6-1 1 to 6-14 and 6-21 to 6-24 to be equal. A dummy cell 
generator 6.5 generates the dummy cell. A scheduler 6.6 executes routing by a heuristic MBM method without considering a 
queue length. 
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M&tXN{4a^T'S>0. fi!->Tl5iei^;?.rAJSMXN 

( c ) mmmer>^fi-y'm/Nmrrt-^x<r>o*>. 
tmxy- yT ( b ) x-mn^ivrzi^fV-rti/::U^-\z 

wtr^xT-yrt. 

( b ) 'tKX<r>X:n^- hatfai:>j;K- K::*ft-|.?<» 
mco-r^TtOA^J'-i^- h&tfai*4f- bfcrJ^S— 
•thXT-yrtiP^^*). 

imxr-^yr ( a ) ttSV^T, t5ieMffl<OA:'J5K-h<0 
0*><7)lo«A:»]jK-Kc:i*^Si'J«P-Ki. SMI 

ftrftO, mfBNfflcoaJ:;>j*'-hOd*>oiocotli^J^ 

A^jsjf- h*>^> sii 1 -5<oai^i^- h'viosimw- hcT) 

im^m ] mMiXy- yr ( b ) (J. 

( b . 1 ) -f'^TtOjJ^- hfc^tt-&iW^- hmi< 
(b. 2)l?^XT /r (b. 1 ) 



[ii^a4] iwi£;?.Tyr (b. i) ff>^mi. 
(b. 1. 1 ) ;K-h<03i3-C6:*5!l«L'-hA<Dt,<0 

( b . 1 . 2 ) A^J^- h i taJ:ft'-K- h j 

hXT-y-rt. 

(b. 1. 3) A*^-h5l^^y^&t^ai^J3i^-h'-K'f 

(b. 1. 4) x^^~h immi'-hRim/iii:h 
yi^o^yh-ri>XT-/rb. 

(b. 1. 5) i t j<7)S<07O-{cStt5:y5— 

(b. 1. 6) B88>J«P-hrij«:rij+>9ij(C!8»f 

(b. 1. 7)-rKX<0^-hl,Z'0\.^XimX7-'yy' 
(b. 1. 4)-(b. 1. 6) SrSOS-rXx-zT 

m^m5 1 HuMXx yr ( b . 2 ) O^U. 

m\^-himfz^iii> X 0 fc^Ai^jjK- h iza^-^xy 

5 — 4^ Ljao||-b;P*iA:b^- h t T v ^ 
I, i: I' tJi S — fe;PtC t^->'^' 

-yi'-rtZtizX-^xmf^tl. 

ttc. m^riiX'^y^^V^yh^tih:ibi:mLt-^ 
A:')^A-*>1Scij&«jfL. 
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Ifimmi 0 ] Cij^ 1 ifcJi. i 

i i: j <OS-C-feyl'$reSI-rS t **-C§ S i i: S-Xir v' 

m. 

IHr;ki&«A:»]jJ?-bK:S»LTv^St#{cJ4iill-fe 

)Viicim-?>rs.—tMz\;^~j<>y'?t. 
mi. 



[ 13] 5 — t;Hi||l^t±Jj!t$ iXtcOTii 
#A:^dfa-*<adijSr«l§L. lirieitdijJiBii 
127 bi^' y htttc^t < . i A^*?. j ^<r>BM<^t:iblz^ 

mli3Sdij{l, #K!faxT- yTri:t. iSP-hrij 
y^'X - X'f yf-. 

Ili^ 14 3 i t j cOScOn a yim^^tl 
txt^iz. IHryW*>' i t j <^<DQM<Otzibiz^j^—( 

y^^$tlz\>'^hm^^z^i^ wm^/ii}^^tLi>::ti 

BulSScijli, mii^\y'J'yhmiz^l<. 
MiffiB:cij&tfJ*i5-rS^'^x'y hffi(±. i tPhj*^ 

liFiBScijJl. #^SXr-yrrfc(c. Oi: 1<7)S<0>Jn 

y^'X X'f-y^. 

[a^H 16 3 i i: j <7)Elcoa^-7 v a >*«llFnr$il. 

• X^ y^. 

[flRiWiT] Cij^lO«^. i^tli. H-fe/l^i 

t j <OSc0^jL-tc#?trSJ^, HuiS=^i-« i b j 
<7)iaT'-t;P5:g3*-rs c: t *«T'& hzb ^luiax^-i/A 
Cij(± 1 tsi'r^ *)^yh^tih:ibi: 
imb-i-hm^l 6lE»<o>'A— r-r y^^r^y^'x 

• X'f >y^. 

[ffl^l 83 X'f y^cO-rr-fe-y hlfm^l IE 
acOi^jL— f-< y^'l^^y^'X ■ X>f yf-T&Sia^r 
X>f >y^2:WTSC:i: ^#at-rS*-y 

XtA, 

ll6Bfl<oi¥itti^iftBB3 

(00013 

x^i^:L~*)>y^\,zm. m^zxn^^-xA .y-?- 

t:ii»tS^v^x;P— r<y h^rJt^-tSfcftcOyjL— r -f 
y^^r^y^'X (shooting blarics)^r&fc:gWS . 
100023 
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[00 0 3] [^^77ai&cofflp] *«BB<^^s-^ 

[00 04] 2^/z2i:{i. aiCfi^^-TSJidt. 
1«R<0)MS:1. 1-1. 4tl. 5-1. 8i:V^32 

[00 0 5] 2 W7-y^y^ bii. i:(r>m^tmL<m 

[0006] (-^-^fX) Vy^Vr^fc ^, lirig^ 

jz.-im-NXNi^X7-J^(/)^^ n=2NT'S>0. m 
[0 0 07] fi±a^-7-y^y^ j:{j:. 

[0008] [ i^XxA^ t;p] WS^Wtti»tX*^Bg 

Mi. zz.xwmhW^<rim^^m-\z-fhtz^\z(r> 

•th^')\,zmm^X\itsihts:\^> 
[ 0 0 0 9 ] c: x\t. N<i<oA*;K- bat^Nffloffi 

IXT-yTfcV^d. ) @^-9->fX<7)>'N-^yhc7)ffS 
oam (mmi. > Zt1fX% 

id^TT'o-x^y/iaimtcov^-CSiffl^Jirffi^li. Mark 



J. Karol, Hichael G. Hluchyj. and Samuel P. Horga 
n. "Input versus output queuing on a space-divisio 
n packet switch", IEEE Transactions on Comnicati 
ons. a)H-35(12): 1347-1356, DeceAer 1987. \,ZWIk% 

[ 0 0 1 0 ] § * ^t.tm^'/jv-yi?^ h r 

ttzNmo^jL- (Nm(^^:))^-hcr)iixWziiL 

mm. 

• Thonas E. Anderson, Susan S. Owicki. Jaoes B. Sa 
xs, and Charles P. Thacker, "High-speed switch sch 
eduling for local-area networks". ACM Transactions 

on Conputer Systems, 11(4) : 319-352. Novenber 1993 
■ H. Karol, K. Ens, and H. Obara, "Inproving the p 
erfomnce of input-queued ATM packet-switching". 
In Proceedings IEEE INTOCOM' 92, p. 110-115. 1992 

• Nicholas William McKeown. "Scheduling Algorithns 
for Input-Queued Cell Switches". PhD thesis. Univ 

ersity of California at BeiicelQr, 1995 

[0011] Zixh\,zW&^ixX\^hms «SS{t5:*3^ 
(VOQ : virtual output queuing) i:V^ 

^mmhti^\,z^\^toi\.h^'f)vxhh. wmAz 

m\S^yV^i/\L^)=f^^^h>m2\t. N=4<?)V 

oQixA -;^ay~m:mi^mmmx'hh. 

[0012] x-hif-- V i *»^a3ir.-K- h j \z^<^ 

*«*>5V'«^yh<?Dg»U-h^«ij'C^-r. l^-bSO 
%Ut.W^b\.X. lXxvrti&tCHi<0>'"(^r.y h 

*^ X-hi^^-V i t^h^-hif^- V j \zm.t:>i\.hZh ^% 
mth. f^^-y h*^A:*)^-b i tf««-rS^-hSrR 

^a. Z<7ymnzi5\,^x . m-t^xeoxij^- 

•e(i^rv^*«. 1Sm:<m^-ttXU^-htli^j:\>'^iz 

x^ •y^ii^X'f)hb\'^0 . -t^xco i . j tov^ 
Ri. Sj<100%Oi:#. hyy 4 y^'imm^ 

[00 13] [yl^rJ'X^ •y^tX^i^'jL-UyT'] c: 

>(-y^-c*-5. *iiiflJ4. 2m^yy^m\>^xmmm. 

ffl-rs. *I|bB(4. x-< •y^tzlS^$<i|.t>«0 

>f y j^x-f AcsfflisriET* hzb tasi--^^ T* 
[ 0 0 1 4 ] >f y9~:^'y vmmi. )V—^mfX^ 
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[00 151 /A^JSX'f >y^<7)gn^ji, ^^rT'U 

Mi'^2W?-yi-y'/ (MWBM : MaxiouB Weight Bipar 
tite Matching) SrflJffl-rSt><OT*>S. KtH^^-h 

m^vimm:&(r>{ibT. MWBM«s^J>sc:i: 

Tassiulas and Ephremides^ , McKeown, Ananthara 
m. and kialnadb{,Zj:-:>X'SkiHZ^^tltl. (X)}^- 

■ Leandros Tassiulas and Anthony Ephreaides, "Stab 
ility properties ofconstrained queuing systens and 

scheduling policies for naxinun throughput in nul 
tihop radio networks", IEEE Transactions m AutoKt 
tic Control, 37(12) :1936-1948. Deceaber 1992 

- Nick McKeoMn, Venkat Anantharan, and Jean Ualran 
d, "Achieving lOOK throughput in an input-queued s 
Nitch", In Proceedings IEEE INFOCOM' %, p. 296-30 
2, San Francisco, CA, March 19% 

m<rmW^li. O (N2 1 ogN + Nm)Rt^O (N 
•/2ml ogNC) X'hh. iifzL. N{4X>f yf-rtcO 

• M. L. Fiednan and R. E. Tarjan, "Fibonacci heaps 
and their uses in inproved network optiaization a 
Igorithms". Journal of the ACM. 34:596-615. 1987 

■ H. N. Gabow and R. E. Tarjan, "Faster scaling al 
gorithns for netMorkproblems", SIAM Journal on Cos 
puting. 18:1013-1036, 1989 

tiBa^^Tv^i,, ^t>iz. ztit:><o:^mi*'mfnzi^ 

t:. MWBM<^^«rieSt4IN9S«T«>&. MWBM 



[00 171 ^tnznLx. m± i^^x) 2^-?-/^ 

yy (MBM : MaxiouB (Size) Bipartite Matching) 

[00181 ( 1 ) mtC. gB0gt»10MBMa<^ 
W^iO (Ni/2m) X'hh. MBM<0||ff^C|§ 
•fh^ (>l,zVmj:miliZ-)\ ^X\i . 

•J. E. Hopcroft and R. M. Karp, "An n^-S algorith 
■ for ■axiauD matching in bipartite graphs", SIAM 
Journal on Coaputing, 2:225-231, 1973 

• E. A. Dinitz, "Algoritha for solution of a probl 
ea of aaxiaun flow in networks with power estiaati 
on", Soviet Math. Dokl.. 11:1277-1280, 1970 

• S. Even and R. E. Tarjan, "Network flow and test 
ing graph coHnectivity", SIAM Journal on Coaputin 
g, 4:507-518, 1975 

tiztm^ixx\.^h. 

[00191 ( 2 ) IS2 fc. ^<o^ra<oA*«. 
-if^X'hhi}^Mz-:)\\X<n^ ( N^b'-y h ) Lif 
!^^gi:L^^^. Z.1X\,znLX^ MWBM^tJ. #=^fA- 

^Axiiz\i±m}fi*x\.^. ) ^imb-th, 

[00201 t*»t^*^^. MWBMi:Jt'<^v:J&&c7)M 
BMc^X.'iiJi. MBMJi. -t'^-Cc0flF§h57^-y:7v\- 

9~y\,znLx^^'hhb\mh^j:\^:ibXhh. # 

fc:. McKeown et al.Ji, ffS$ilS*SMBM<7)t> fcT^ 

X^'^h (Nick McKeown, Venkat Anantharaa, and Jean 
Malrand, "Achieving lOOK throughput in an input-qu 

eued switch". In Proceedings IEEE INFOCOM' %, p.2 
96-302, San Francisco, CA. . 

[00211 u>L. uBUimmz^xhXo^sm^v 
vy^-f^n9-y(r>mm\^9v7^i:^hh:Lbm'^ 

$tih. Z(D9yX<7)hyy ^ •y:^ii^ ^(balanced) 
hyy ^ yifj^f—yX'hh, ^mVyy 4 y^n-Sf- 
yffy)^. 't^x<^X^-f}iti-V(r>%mim--X'hh. 

[00221 1. MBMJS. ^ffiX^ri/jL-ijy:?^ 
Wir^yy'i yf^--J3>\,znLx l O 0%<OfiJffl$Sr 
WS^h::bimh1xX\.^^, ^XfiTt^-Vifihaoii 
Tffl(7)-b;l/^jMtH-tl.Ci:^^i:t. ^Hi^.-K-h** 

iiTm(D'tKXff)-^)vii^io}£Tmcr>mm:)v- 
=r < yvirh z b mmvhh . jaTS:#M«oc t : 

• G. Birkhoff, "Tres observaciones sobre el algebr 
a lineal", Univ. Nac. Tuceaan Rev. Ser. A5, p.l47- 
150, 1946: 
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• Shizhao Li and Nirwan Ansari, "Input-queued swit 
ching with QoS guarantees". In Proceedings IEEE IN 
FOCOM' 99, volune 3. p. 1152-1159, March 1999) . U 
■oX. MBMftS:TI51«gfflUT»eJrS»?-rSCli:*«tr 

[00 2 3] 2. MBMrrp-^oiatt<o-r 

[00241 im^?mui. yyyjm!smx=tT)v 
itth^Lta^X'^t. 2Mfyytii. 0it^-ri3 

ffl*»'::ii^«02ocr^^t:«>S J: ^ 

-H4, m^(r>m^<Dy-\^izXr,xm^tih. 21M 

-hi: {1J:»3^- h t coS-C;U— r y^^^tit^t -t/W 

^^^ltJtt/i4tTja^iaiiirt«.c:fc*»'e^^rv^J: 3=5: 
'7-7^>:^<7)ZbX't>h. 

[00 2 5] :alK^=Si^•C^^SIJt^t'^ox^-^^'J^-'J 
-fX^#^i-|)t>iO (MWBMtioTfiSIK^^iX'S.) 

#jeL^:v^t><^ {MBMizx-oxm^^ti^) x'h 

[0026] MWBMrrn— f-Ttt. 2a5j?^97<0ja 
aj^J'-K- h j ^(TMUi. XiJ^- h i tc^ jL->r 

iz)5\^^xwckm^'?-yi-y^^^s[9.ti. mmcoxo 
t: MWBMrrD-^{4. hyy^ -/i^^-^^-ytR^ 

:^ra<7)||fif^«. O (NM ogN + Nm) RX/O 
(Ni/^ml ogNC) X'f)l. $^>fc. Ztl(><7)1jm 
J4*«WtS^-^^>i^^^P (K^W. 3i»^^) t'fcO. 
ftiff^r^-H'^xri^a&MfftS. MWBM^iSiK 

• Adisak Mekkittikul and Nick McKeown, "A practica 
1 scheduling methodto achieve lOOZ throughput in i 
nput-queued switches". In Proceedings IEEE INFOCO 
M' 98, p.792-799. San Francisco, CA, March 1998 ; 

• Anthony C. Kam and Kai-Yeung Siu, "Linear comple 
xity methods for bandwidth reservations and delay 
guarantees in input-queued switches with no speedu 



p", IEEE International Conference on Network Proto 
cols, Austin, Texas, October 1998) . 
[00 27] MBMTrn-f-ca, ^flg=3**;jftWC 

•y-y h¥9 ^ AXn >/ h rt \,Z)V-y- y^^^tit . M 

MBMffi<7)||fi^S<iO (Ni/2m) rL*^V^) . M 

BMiifi^f: Lx. imWi^^ '■/^-(mmm^hbX' 
\imjmm^s-mx'ht. p i m^s l i pcoj; 
vK-?*v7)hi-uxx'f '/'y'&.mp^^ixx^i^h. 

v^yiftizms.Liot-rti><r>xhh. iaT#«i<oc: 

b : 

■Nick McKeoMD, Martin Izzard, Adisak Mekkittikul, 
Williai Ellersick,and Mark Horowitz, "The Tiny Te 
ra: A packet core switch". In Hot Interconnects I 
V. p. 161-173, Stanford University. August 19%; 
• Nicholas Willian McKeown, "Scheduling Algorithns 
for Input-Queued Cell Switches", PhD thesis, Univ 
ersity of California at Berkeley, 1995; 
- Thonas E. Anderson, Susan S. Owicki, Jaaes B. Sa 
TtR, and Charles P. Thacker, "High-speed switch sch 
eduling for local ^area networks", ACM Transactions 
on Computer Systems, 11(4) : 319-352, November 199 

3) . z.ii(><r>\L:i.-*)X7-Av9Tru-^i,±tz. 
^f^mmv^y ^ y9f^9-yi,zni.x\i^%^ 

[0028] [UBMiznthX-yi^jx-Oy^hs^— 

vxT^-y^x^ ^m^izamm^titxoiz^ mbm 

X'hh. cc:TiiiBj}^i.MBMrajKotA-yxT-< -/ 

$*§'t^rMBMa<o^tSW=5rJt*!a3f5tOfcAtfflv>^> 

[00291 P IM : #5IJRg-7-xf-y^ (Parallel 
Iterative Matching) J±. LTO ( 1 o g 

n ) T&fcV y^yyiiZfmth hjL-VXT-^-yi'X 
X'S>i (Thomas E. Anderson, Susan S. Owicki, James 
B. Saxe, and Charles P. Thacker, "High-speed swit 
ch scheduling for local-area networks", ACM Transa 
ctions on Coiputer Systems, 11(4):319-3K, Noveri>e 
r 1993. Sr#Bg) . ^g-^ ^'l— vrfctC. V-y^^ 

tt$)^«t>h\ii:fjiZfitLXW^ O^) ith. '7«y^ 

crm^izhfz^x-myyi^Mzmmnozbizx^ 

[00301 RND : RND t a-UXt < y ^'X{4 
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^jiTT^izmm-^m^^z tThh. 

[0032] SLIP : SL I PH, McKeoMntCio 
T^^iX, ^JM^zm9i^tlX\.^?> (Nicholas Williai 

HcKeoMD, "Scheduling Algorithns for Input-Queued 
CellSwitches". PhD thesis. University of Califomi 

a at Berkeley. 1995, 5:#BB) . ^XiJ^^-hm/^ 

^SJ:3^rft^.»9)Sai:fttcio-r-:^^S-3l5. loco 
aj:^j«. ^^(r>mMt^-(-Mzm'^\^x. ^-hi 

ipti>ff)m^i^ifMl?> Z b 2rSllR-rS . i izX-^X^ 
if^Jtii^tdi^. jiziU'umM^^^-Mt. (i 

+ 1) modNt-b>y h^il-S.. X:h^-hii. ®9c& 

mmizm, 

[00331 SHAKEUP : SHAKEUPSJ4, 

*ffl!^^aiffiiso9/34 2. 9 7 5^ (^fm^tamt 

HaailicO^STl 1-24 4 64 8-^) fct>V^T*ll 

mt7)^'mizx-:>xmx^tifii>(ovf>t. shake 
up{±, -eni*Tt. m<n-^bm^'^iy^xi:,m 
-^mx'h*). :k^^j:^^y^-^y:^mmmi-thzb 

ifijn^tiX^^l (b5E#®¥1 l-24 4 648^$r# 

m<r>zk) . ;i<Dimi. 2uy^yT. nhimmR 
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cOba-yXr-f yi^XI,Zi*)^^tl?>. S*a<)^# 
aijli. Artcov-/^y^^LTi^'2:v^]M«i. fzbx. 
m^-^y^yi^trl^-tS^Ztiz^xhbtXt. ^ff) 
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l.iat7)9*>(7)lO («f!x.{f, (x. y) ) ^r-S^y^^ 

( X . y)i:-7 y ^-yf^izmitth . y ifimiZjB. ( z , 
y) . zeAtCiOV-yf-y^^LTV^S^, (z, 
y) trV y^y^/A^/^I^L. ( x, y ) ^rjUirrS. 
gl^tC. SHAKEUP«t«{C. ArtiOaSttOlMi^'Brt 



t-SJM<7) 5 *>£7) 1 7 yrM,izm^b LXMm- 
&. ZZX\ SHAKEUPJ4. miZ^^ilXtii^ 
•f, Art<0v«yf-y^^Lrv^=Srv>]M{c-5V^T5:^:J^i» 
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(SHAKE u Ptcre^si¥ia^iiit&t^ 

1 l-244648^^#^) . 

[0034]^*}. PIM. RNDSlXSL 1 PcDtjL 

[00351 

[||Hfl*^M^Lidt-ri.lllSl Bu]^iOid(c. MBM 

-'}y^-fimifi. m\izimmx^ yi-i^-rhtzibiz 

[00361 *l6BJ<r)I«tt. -mtPihyy^-y^^'i 

^-y\,zieiLxn^v^yit--7yx<7)xy-J:>.-*)yir 

[0 0 3 71 muz. *f|BB<DaW»±, MWBMX^rj/j. 
M^fdiMBIW^-XCOhA-UXT-f y^Xfrmf-t 

x^ 'yi-ff>xiri^a.-*jyf^ijmi:mmi-?>zbiz 
hi. 

[0038] 

[USS^fB^-t'&f^i^co^Sl *ISHB<0TrD-f-{4. 

T'tt. •r-^T<7)Aai:^J*''lltS'l«i/-hA{c^l,id 

-y^'Sr^^-e-S. r/S-n^ry 
h4^$:L;ta, MBM^)t{iMBM|5jic7)hjL-UX 
r -f y^xS-jgfflLT. fV-'r-t y^^tih^^MSii 

ixfimx\ ztiii>i-? y^yi^izifibi,J;:dtzmSi-t 

[0 0 3 91 *|feBH{i, riyt:i-:?|^$futx^ri; 
a-y y^^rffifc tT . ^ y^^izm\'^^tii,:m 
bLx. i^jL-T-^yy-fyy^x - X-( -yi-btX. 
tfz>'j.~7-4yyryyi^X ■ X^ >yf-SrfflV^Jt*>y 

[0040] *^BB{C ifLif , NfflcOA:?!^ a-5r 1 o 
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[0041] :¥mM<nmm{z^ix\i. ^- y $r*rt 

^rl. J; a eA<7)-fe;W?«^- b ii^-fh t Lxm^ 
hRlftii:h^-hizi^^—^)li:mMthx'r -/r 

l-o(r>xnii^-V\,zm-hWi\^-V\i. mi':xoX:fj 
[0 04 2] »iL<(i. ^^-^Mi. -t^Xff^iti- 

Y\,zn■th^m^y-y^mL<^J:hXo\zm^^J:^^•- 

t-zm-hy^-yu-i^^Lx-jtrnthXT-yrt. 

^^titdm\y~vx'yi—^ivi:±m-hx^',r 

is*tytj:i,rn^x^m^LXm&^1Xh. 
[0043] «F*t<{i. %mM. ^-b<7)a*>T'ft^ 

w^v-yK<r)i,<nimwi>XT-/rh. xn^-v 

i fc aj*3K- h j ffmnn^ -y h r i j 5^ . IB 

5— fe;kSr. Ri*^SjtUiT'&.&J^Jil/'-h/3ij=A 



-RiX\ ^ttjm<n%^\i0ii=/^-SiX\ msth 

XT-vrt, BW3mv-Yriii:rii+&ii\.zW^ 
tXf -/rt. ■t'<X^iP-YiZ'0\\X±Ml.X7-'',ri: 

mmxy-^rt. ii^htetru-^x^m^Lxmi 

[0044] »*L<Ji. :tJi!t{i. BeS»P-h*iSI 

■t^xT-yrt. m^)Vifx)]-r^-h\,zWiLx\^ht 
%■ i,z\iwm^tviniti-th y $ — t/pt -y -r 

k wfE^' Ui^ >y hffli 1 tmf^ 'J ^ y h 3tL 

[ 0 0 4 5 1 S ^>t»i L«±. ^5— tyW±lllgfc:± 
l£$*t5<0t:'{4^:< , «-A*=^fA-3mdijSrfiim- 

<7)g3Sco/>:y>t=^A-'f y^f'^iihy^-^yvamzn 
m-tt. BliiBScdij&t^HuiB^i^i^'.yhiiJi. #1^;^ 

■f-yrrttc. mmra-c^yi^v^yh^tLt, 

[0 04 6] §^>tc:if^L<tt. i t j<7)®<7)n*^'i^ 

tiibiz^A-^ y^^tixi^h^izti. mm^fvim 

[0047] locoeJtmctJV^T. if*L<{4, ^ 

Cl^Ji. miB^^i''-yh<Ifc^Lv^. 

CijRtXIuiei? i^i/ y vmii. i *^^> j 'voe3i<7)ytry) 

Sfcii^-CAI.. ■!imcijaima^'^5'''y htfti. # 
tmXT <y rr fc 0 1 <OH<0/J>ai& i: S r i j Jt'Jt 

[0048] »#:L<{4, i i: jc7)|gc)34':7x3yj&J 

m^tifit^iz. m-t)]^ i J <Dfs<Dm&<7>tii6iz 

[0049] 8iJ«Di»^{ct5V^r. ntLKii. CijSl 
<^>«^. *:^!{4. i t J <^<0=^f a-tc^Rtt 

i)<T^^Zt^X-iri^A-ylzmm-i>. 
[0050] ^^mot 0 1 ooMBTJbS i^jL-x 
yyyyy^^x ■ xA -v^M. m+nmt^^-Vi:^ V 

hT'PJ«f |i^Mffl<7)A^);K-Ki-?-itmNfflc7) 
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h<7)ftT'J) *) . roiENfflcoai:Jj;K- hco 3 *>0 1 -:> 

1 0 0 5 1 1 »4 L<«. mS^SJi. B^^l^- 

J: 3 {c:«-A*^- htcfcv^Tr 5— 
L . l|-b^P*^A:>J'-i^- h tcgfj* LT V i: # fcJi 

[ 0 0 5 2 ] if * L<J4, y S— b;W4ia^(c^Stl. 
S<^-CJ4^r<, #A*#*-*%dij^fiat^S. i<0 

y:i*^){2^i->f y^^$iil>^5— b;P£oatc«lS-rs. 

[00 5 31 ?f>tcff^L<(4. itjc^crya^^i^ 
a ytfiff^^tifz b^iZ. IHr;P*« i i: j com<0^co 

[00 541 t3 locoa^tcfcv^T. MtLKii. ^ 
5— b;N44jS$iiS<^)T14^:<. #A*^jL-{±ac 

tc. 0 f: 1 <OB|cO/NSS: I: h m fc'ft^ > ^ U ^ y h 3 

[0 0 5 51 $^>{::»*L<{±, ibj(nll^<r>^^^i^ 
3 y*«fF«r$<i:t i: # %^)Vtfi i f: J Oia<7)^<^ 
;t*{3=¥a-^y^^$itTv^SJ®^fc{4. ig|-b;U*«e 

[0 0 56i;SiJiOK^t:tJV^-C. »^t<t4. Cij^l 

SJ^. ^ J.- i b j <^^T-b;l'2reS-f 



[00571 *fMB<7)§ t, 0 1 o<75fflIfflfc iiitf . 
[00581 

[f6BH<7)iitfecoje®l [ivA. I'o.-T^yyfyy 
Tit-h (A:'j*fc{4aj:'3<ov^-mTtJ:v^) tcisv^Tid 

[00591 03tt, TO&70-m-< yf-tO-W* 

v^■^l^^±<?)A^)J^^-h•c*&. i^A-r-f y^r^y 

h h ^ 7 -f -y JiMi^-frS , ^ S ->'\- 

ir.y h^5:L7t^^. MBM^fdiMBMH^bo.- 

^^x^m^Lx/i^7'^yi^^tLi,^^wim 
mttmcom.izms-n>zbiif^^\>^tcib. 

J4. '^y^yif\izisif>i>Xo\iz;ilxt><r)ir^-j^^^Y 

[00 601 VA-T-f y^'T'^y^^xaJi. BocJDi 
^*O^Sr*i-S. ( i ) MBMR^^&^ffifflL-C 

ifeWt^SftS (Hr^^vay I VD^M3) . (ii) 
MBMh A— 'JJ^r-f >y^'X<o±{c>'jt.— r^y^^T'^ 
y:J'X<0#i.^2rll^-rS:: t iSjJ-WN'-^.y Ktt 
/|N§< (-fe^^i^gyi VB=&#M) . MWBMifc5V%{4 
M B M(7>gJt$ (Cjt^T t Weil^teffi-Ci' S <, ( i i 

t^m^'LTfcO. ffi.&<D;^i-i^'A-'jy/:^r&i:ffl*^ 
[00611 [ I VB. £/'jL-T-fy^:?'7y^'x<oSi 
^tL\.^^m<r^x^ ^-t:xstm. (Qo 

S) ?i«i:-|M^L. 7a-{4. f^^^td^i^m^Si^ 
y^s •r^ri>*>s A:*)'-K-h i j (^HO'J 

y> ow- h a i j a . 'J y ^' ±.<7)t'^x <om^ti 
ibiz'i'f^^tifzly-hffmvht. mjX'^M^ix.tzl' 
-bJil^ftnyhO-^ (CAC : Call Admission C 
ontroller) iZlilSS&iThh. :^-/ hV~i^ =yXTA 

L^v>itSrfiaE-rS. U-h<4. :*:§tM^S»>-<yH 

tx-^'hh z b ^mrri ^ b nfix-^ h<ty 

[00621 *5MB<^>' A— f ^ y ^^7*7 y 9xm\t. 
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[00631 (i) ^m (Fill-Up) hX' 

'^.rtcJ* LT o-^ . 

[00 64] ( i i ) ^ (Generation) 

[00 6 5] ( 1 i i ) ll^«o;^^i^*^-'jy7'3y--K 

BMSfcJiMBMPI^bjL-UXT-f v^'X) l:|?fif 
[0066] [IVB. 1 ^3y;Jf-:^>'h] 04 

^tlh . i&T/j tmiiizn LX. Ri. S j <AX'h 
S. A-Ri<A-Sjt<RgLT<>HRtt^*i?=Sr<r^. 
1^- b /3i j = A- Ri<7) i *»^> j ■^<7)7D-Sr)&SnL. 

Ri- <AT'&l.id^<*:<^i ' >itc#irrs. CIO 

[0 0 6 7] yLm::ty^-^yhli. H^2N-Hi<0 

[00681 [IVB. 2 4^3y;K-:t^yh] 4« 
c?>;K-h<?5P-h$:Ak'^-S. CKOny;^-*^ 

^7o- (0«i.{f. XiJii}-(^) i)<^<7)^X"^M. 
.•K-:t>y htioT i {::«LTi5^$ix;t^-hA5:SS 

[ 0 0 6 9 1 h{cJtrS±iEO2o<0 



•y h*«A* i tfcV^tajfe* j t LT^A-'f 

^':^i7)|^(J, ||70-<?)Sffi^d^'Ji^y:/ (policing) 
■crS->N-i^yh^til^^-h5rfiErat^*>''?> (CI 

[0 07 0] $^>tS!»$5riS»^S7ti6, $<s>tC»iL 

( i , j) iziitx. ii}^i^j^(DBM<^t:ibiz^j.- 
tit. zcomi. #^raxT-yrrtfc:. St^rijT'f 

1 (-r^i3*>. i-jm¥2^i^yymzm^h) t 

mmi. -eaT^V%J^^<40i:¥iJIBrrS. Xir'>'jL-y 

^l^^^t. qij>0 CliXti. ei*C7)^cy>{C^A— y 

y^itX\>^i>mf^y-v ht<S>hZti:W^-th. ) T'ft 

iiifi 1 /vfttT^ »J ^ y h $^1.^ . 
[0 07 11H5(i, *l6"!BK:J:S$^>fe:»*U^ 

«^T'*)'9. ^ayi)t-:^yh(r):^^y:!'K-XT(r)m 

mi:^-tm!mx'h?>. i«')iiifef«Ttt. n^wrrn 

-^14, 

•fl.. 05(c;fcv^T. i - j 3^^'j^3y{cStLT^« 

ij (0kii0Si7)/j^^t-i.. ) m^y-^o^yh^ 

2a5^'77rt{ci-jffl*^S)i.fcflBrrs. x^i^' 
j.-5*M-j3:f:7i^3yi&iF"r-ri,J©^. Cij{41 

[00721 [ivc. 1 v-jL-f -ry^'T'^y^'x 
X'hh. j^i-T-f yyf'yyyx ■ >yf-ti. mib 

<7)A:^.-K-h6. 11-6. 14&l^Nffl<oaj:;j^-h 
6. 21~6. 24l:#t-St>fiDi:-ri>. flP*>. 
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3tX^ •yf--r'{±M = 4at/N = 4"r-J)-?). -b/Ui, A^J 

-?3!)H0=Srj.- (6. 711—6. 7 1 4 {J-Si!iO='f j.- 
•C&l.. ) cod-f^^iOlot^jL— fi^^J^^ixS. loco 

7 14J4. A^J'-K-b6. 1 l*^^^:h^-h6. 24 
fc:. :^rJi.-6. 7 12J4. A:>J#-b6. ll*>/i>aS:ft 
y-rt. ^-^X. #A:b^-M4, -ec7)A*5K-hA>^> 

X 4 = 1 efflfio^ A-*«*>s . 

[0 0 7 3] V-Mil»!BS6. 314. S^jai^-hiO 

^cr)mmi'-h<7)mx'hi. ^m^^e. 4«. ■r^^ 

^S6. 5{4. ^Ji«tl^StcJ:-^T^^§ixfcf'J«W 
fe/l^^^^-f^. :^^^i^'j.-7 6. 6J4. 

[0 0 74] [ivc. 2 v-A-T-< 

7. H4. V><0*»tf5X>f •yf-Sr^r-f'S. ZiX^COX-i 

•yi-ff)-f:/-t y hifi. i/:x.-'T^yyy'yy9x ■ xa 

•yf-7. 21~7. 2 3*»<o=Sr-&. v-i-x-f V^^:/^ 

gyiVC. 1 (H6) fciSa^ixTV^S. 

1 0 0 7 5 1 [ I VD . ^ifcfe*] aSt-'^t^TfeS 

wm'm&wk^hi:><r>>imm^x\tts:ht£\\ 



7^ •y^'>'N*^'->0iS:ffiffl^l.. fiESmSXx-yrt: 
[007 6] A:»]jK-bc7)»3SttJ4. •?-tl*^^ y^>'^^ 

Y(r>Wit\t. -en*>'v«y^y^sn«.A:»j;K-h<oj@: 
f *>5 . fra<^»i®Hffi=ffliiai^^ii¥ 11-2445 

^ 0«i;-rSh^7-f •y^':J''f7-fc;^i^: 

$fLS. ^COh^^-f «y^':J''fr«. McKeown et al.tc 
iBa$il/v: h77 ^ >y :7.'N'^'-ycOHRibT-S>S. McKe 

—i^S^I^^'^'fh (Nick NcKeoNn. Venkat Anantha 
rai, and Jean Ualrand, "Achieving lOOZthroughput i 
n an input-queued switch". In Proceedings IEEE INF 
OCOM' %.p.296-302. San Francisco, CA, March 199 

S:1hK- h ffi<OA:'3&V^aj:'3.-K- hJit> i p i:'2ffl 

7 -f >y ^ Sr^-tl.-ti6, ^<^if^-Y\%V- h AT'ft 
?tSr^Jt. fl!!c7)^{42A-Cft^&gttS. i^SjLl/- 
i^^y9mm(r>VU-^^m-htzih. 2mcr>yyr 

X-mtK-th. «v»fl#OA:'3^-htw*tLr«4. MSIt 

A*3K-bJCjktLTtt. 7n-i&^»rs<0Cmi<^ 

[00 7 7] •9--fXN = 45,t^N = 8(5DX-f -yf-tCOV^ 

( i , j ) ma. xi]^-h i *»i5>aj*^- 
'ifm^HX-mi-. ±]^-hnmrH=an+0nxm 

•r. =5:13. a„J4. mrg^fciEat:tJ:3tc^$fi. 
$^it.m^(r)-t^'>ayiVB. HzWS&LtiXotz 

[0078] ■t'fXN=4<^)«^. ri = at+0t^ -t 

[00791 



2) )0 0 
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0 A A 0 0 0 A 

OAOA _ OAO 

AOAO ~ AOA 

A 0 0 a] [a 0 0 

[00 80]1^-fXN = 8<0«^, r8 = a8+/38.-r 

0 A 0 0 0 

A 0 A 0 0 

0 0 A A 0 

0 0 0 A A 

0 0 0 0 A 

0 A 0 0 0 

A 0 0 0 0 

0 0 0 0 0 



0 


0 


0 


0 


0 


0 


A 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


D 


0 


0 


0 


0 


0 


A 


0 


A 


0 


0 


A 


0 


0 


0 


0 


0 


A 


A 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


A 


0 


A 



+ 



[0 0 8 21 0gAgl/2<OKH^#Z.S. ^<^iP 

[00831 mAt. m^<D^yy ^ ^u-i^Byi,zn 

xdri^a.-'^jyi^lim. mfV^y'S v^^^^^ 
Wmzm:hts:\^^tz. oyy< ifv-l^ a y{13cS 

v^i^. ayy ^ yi^-i^ 3 yii^^'hi>tMM^ti 

< i^]y~i^a y<^mmc^^cosmi:m^^itmsi 

:k^-^lZtii. i^^^U-i^aym^irmiz^ithZ 
tifihh. ^'^(Ty^CZM. Q=16N2ffl<7)-fe;Pi:, 
T=2 5 6N2S:«ffl-r-&. S^ttl^ti. n^<r^M 



0 0 A 0 0 

0 0 0 0 A 

0 0 0 0 0 

aJ [o 0 0 0 

[00811 
[»2] 

0 A O' 
0 0 0 
0 0 0 
0 0 0 
OAO 
0 0 A 
A 0 0 
AOA 



0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


A 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



^smimt>tii>tx'izayy ^ ifv-i^a ymm^ 

1, OOOXir yrrttC^jL-Hf^XfiOi^ffi^^x-y 
[00841^1 tUSa^mSr^-r. 9m(nx'rV:i.- 

(TiAmmiP-Y . y7>^'<bO<o4ffl<odf-h. ^^y 
JtLTrXh^tiTv^S. x'r-J:i.-^)yir-ymt. 3 

-fttiy^. MBM. Sfp©MBMbjL-'J 
Xrr^ •y^'A. 3tl^iRiHrKMBMhjL-»;;^T'f '/^X 

®i:l±. yyyi^^mm-lmcoiitiOh'yy ^ -yifiz 

a. mmii-t^xAm (4^i^u-'>ay)mfL 
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To 1 00 g of a polyurethane latex (solid matter concentration: 6% by weight) having a following 
composition was added 1 00 g of acetone and 1 0 g of ethyl acetate, and to the mixture, with stirring, 
was slowly added 6 g of CI. Soh/ent Blue 2 (CI. No. 42563B). The obtained mixture was dissolved 
uniformly and after that, the solvent was removed by means of an evaporator, whereby a hydrophobic 
dye-contalning aqueous dispersed liquid having the dye concentration of 6% by weight was obtained. 



^ H 



O 0 



16.7 



66.6 



-CH-CH-N^CH,CH,0 - 



16*7 ]noX% (the same applies 
hereinafter) 



To the aqueous dispersed liquid was added 92 g of tetraethylene glycol diethyl ether, 36 g of 
1 0 triethylene glycol, and 1 2 g of 1 0% by weight potassium carbonate, and the mixture was uniformly 1 0 
mixed. The thus obtained ink composition of the present invention was able to be filtrated without 
clogging through Toyo Filter Papter No. 131 (manufactured by Toyo Filter Paper Co., Ltd.). 

The ink composition of the present invention has the viscosity of 7.3 centlpoise (cps) at room 
temperature (25*'C) and surface tension of 42.5 dyn/cm. and had no change In the characteristics even 
1 5 after the one-month storage thereof, during which no deposits was Recognized. 1 5 

EXAMPLE 2 

6 g of CI. Solvent Red 8 (C.I. No. 1 27 1 5) was dissoh/ed into 1 50 g of acetone and to the obtained 
solution, with stirring, was slowly added dropwise 1 00 g of a polyurethane latex (solid matter 
concentration: 8% by weight) having the following composition. After the whole quantity was added 
20 dropwise, the solvent was removed by means of an evaporator, thereby obtaining a hydrophobic dye- 20 
containing polyurethane latex having the dye concentration of 6% by weight. 



CH^ 



— ecH 



(n=35) 



o o 



16.7 



0---CH 



66.6 



f3 

CH3 ^ 



16.7 



To the obtained aqueous dispersed liquid was added 92 g of diethylene glycol monobutyl ether, 
36 g of polyethylene glycol #400, and 12 g of 1 0% by weight potassium carbonate, and the mixture 
25 was uniformly mixed. The thus obtained ink composition of the present invention was able to be filtered 
without ctogging through a Toyo Filter Paper No. 131. This ink composition of the present invention has 
the viscosity of 7.6 cps. at room temperature (25°C) and surface tension of 30.5 dyn/cm, and had no 
change in the characteristics even after the one-month storage thereof, during which no depostis was 
recognized. 



25 



30 



35 



EXAMPLE 3 

To 1 00 g of a polyurethane latex (solid matter concentration: 1 0% by weight) having the following 
composition was added 1 00 g of tetraethylene glycol dimethyl ether, 37.5 g of glycerol, and 250 g of 
tetrahydrofuran, and to the mixture, with stirring, was slowly added 1 0 g of a blue hydrophobic dye [2- 
tert-4}utylsulfanrioyl-4'(2-methyl-sulfonyl*4-nltrophenylazo)-5-(3-aminosulfonyl-ber^^ 
sulf6neamide)-1-naphthol], and the resulting mixture was dissolved uniformly. After that, the 
tetrahydrofuran was removed by means of an evaporator, and finally 12.5 ml of 10% by weight 



30 



35 
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potassium carbonate was added to thereby obtain a hydrophobic dye-Impregnated polyurethane latex 
with the dye concentration of 4% by weight wherein the ratio by weight of the hydrophobic dye to the 
polyurethane latex equals 1:1. The ink composition of the present invention finally obtained by being 
filtrated through a Toyo Filter Paper No. 1 3 1 has the viscosity of 8.0 ops. at room temperature (25*>C) 
and surface tension of 38.3 dyn/cm. and even after the one-month storage of the ink no deposits were 
observed. 



(n=35) 



16.7 



O 

II 

-NH-C-0- 



CH3 

CH2CH2 «CH^0- 



66.6 



16.7 



COIVfTROL 1 

1 0 The procedure of Example 1 was repeated the same with the exception that In place of the 1 0 

polyurethane latex, a polyvinyl polymer latex having the following composition was used, but the 
obtained ink was shown a large amount of deposits after the one-week storage thereof. 



15 



■^H2-CH)-QQ- — tCH^-CH^ 



COOC^K^ 



20 



CH^ 



CONTROL 2 

For another comparison, a vinyl polymer latex having the following composition was used to carry 
out the same procedure as In Example 3, then the dye was not completely impregnated, thus partially 
deposited. In addition, the ratio of the impregnated amount of the hydrophobic dye to the polymer latex 
was found to be 0.67 :1 . 



15 



co 




20 EXAMPLE 4 

The foregoing Ink composition that have been obtained in the examples and the control examples 
were used to carry out ink printing by the use of an Ink-jet printing apparatus specified In Figures 1 to 3 
disclosed U.S. Patent No. 4,1 89,734, the apparatus being adjusted to the parameter given in Table 1 . 
The results that were obtained by the printing were as shown in Table 2. As apparent from the table, the 
25 ink compositbn of the present inventbn was excellent. 



20 



25 
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TABLE 1 



Printing speed 


2,000 dots/sec. 


Static pressure 


-4.9 X 10-?Kg/cm2 


Peak pressure of pulse 


1.8 Kg/cm2 


Pulse voltage 


120 V 


Pulse width 


110/iS 


Diameter of orifice 


0.076 mm. 



TABLE 2 



Inic com- 
position 


Drying speed^' 
on paper* 


Dot quality 


Clogging 

after 
10-hour 
storage in 
the room 


Density^' 


True 
round- 
ness 


Gloss 


Inlcof 
Example 1 


Within 
3 seconds 


1.61 


good 


glossy 


None 


Ink of 
Example 2 


Within 
3 seconds 


1.49 


good 


glossy 


None 


Ink of 
Example 3 


Within 
3 seconds 


1.82 


good 


glossy 


None 


Ink of 
Control 1 


Within 

3 seconds 


1.59 


good 


glossy 


Clogged 


Ink of 
Control 2 


Within 
3 seconds 


1.30 


good 


glossy 


None 



Note: • A recording paper whose sizing degree is 23 seconds in accordance with the stoechigt testing i 
method (JIS P— 8122). 



1 ) Such period that the ink, after recording, becomes not rubbed off any hand. 

2) Spectral reflection density of each dye in the overall-printing area. 

5 CLAIMS 5 

1 . An ink composition for ink-jet printing which comprises an aqueous medium in which are 
dispersed particles of a polyurethane latex containing a dye. 

2. An ink composition according to Claim 1 , wherein the dye is a hydrophobic dye. 

3. An ink composition according to Claim 1 or Claim 2, wherein the polyurethane latex comprises 

10 a polyurethane that is derived from a polyol and an isocyanate. 1 q 

4. An ink composition according to Claim 3, wherein the polyol is a prepoiymer or a prepolymer 
mixture having repeating units derived from an alkyi ether or ester having at least two hydroxy groups 
and a molecular weight of from 300 to 20,000. 

5. An ink composition according to Claim 3 or 4, wherein the isocyanate has the formula: 

t5 0 = C = N-R-N = C = 0 ^5 

in which R represents an alkyiene, cycloalkylene, arylene, alkyiene-bisarylene, or arylene-bisalkylene 
group. 



10 



GB 2 105 735 A 10 



6. An ink composltfon according to Claim 1 or 2 wherein said polyurethane latex is represented by 
a formula: 



-?i CNHR'NHC 1— 



represents 



_Z-4fl*— Z— C— R«— C-^)pR*— Z— : 
0 o 



20 



25 



R'OH 



10 



IS 



-'^n^rrpo^ira^^^^^^^^^^ 

,5 poiyu^tharjela^x^^^^^^^ 

^An^?SCo^So^;cording to any of the pr^^^^^^^ 

""'"'TlX" nlc composition according to Claim 9 wherein the wetting agent has an 1 *LB value 
"''^tC^k composition according to Claim 11 Which comprises 5^^ 

wetting agent ^.^^ ,„ 3 preceding Claims which comprises 1 to 30 parts 

by weight of SVmaSde. an N-hyd,oxyalkyl-2-pyrrolidone of the formula (A) or an N-alkyl-2- 
pyn-olfclone of the formula <B). 



I I (A) 
/CH 



R2 "3 



CH ^=0 <B) 3Q 



"2 "^3 



in which formulae 

R' is an alkylene group, and 

R,. R„ R, and R., which may be the same or different, are each an alkyi group. ^ -^^ 

1 4; An ink composition according to Claim 1 and substantially as hereinbefore described with 
reference to any of Examples 1 to 4. 
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:/^>^# 


MBM 


90% 


100% 


93% 


10% 


PIM-SHAKEM 


93% 


98% 


90% 


92% 


]mD-SHAK&4 


92% 


98% 


90% 


92% 


RR-KND-SHAKE^ 


93% 


98% 


89% 


92% 


SLIPSHAKEM 


93% 


100% 


93% 


100% 


PIM-4 


88% 


86% 


87% 


86% 


RNIM 


88% 


86% 


87% 


86% 


RR.RND 


88% 


86% 


88% 


85% 


SLIF-4 


100% 


80% 


100% 


86% 
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